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Abstract 
Soil erosion is one of the most serious ecological and environmental problems in the northern Loess Plateau. The purposes of this 
research are to assess the spatial difference and explore the spatial pattern of soil erosion sensitivity in the northern Loess Plateau. 
Based on the universal soil loss equation (USLE), four natural factors (i.e., rainfall, soil texture, slope, and vegetation cover) and 
two human activity factors (i.e., population density and GDP) in 2000 and 2007 were calculated in spatial scale by ArcMap for 
assessment. The results showed that the sensitivity of soil erosion reduced significantly from 2000 to 2007. It indicated that 
regional anti-soil erosion force increased from 2000 to 2007. The sensitivity of soil erosion in the southeast region was higher 
than the northwest region. The areas with high and extreme sensitivity were mainly distributed in the hills and mountains of the 
northern Loess Plateau. The extreme sensitivity was mainly caused by the frequent regional human activities and the unscientific 
farming. The spatial patterns of soil erosion and its sensitivity shows similar features, namely, severe and extreme soil erosion 
regions were also the areas with high and extreme erosion sensitivity. 
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1. Introduction 
The Loess plateau has an important strategic position in China. As known, China is one of the countries with 
most serious soil erosion in the world and the Loess Plateau is its particular representative concerning soil erosion. 
More than 1.6 billion tons sediment flows from the Loess Plateau into the Yellow River every year. The transport 
modulus of coarse silt sediment in this area are bigger than 1300 t/km2 • a, which is the main source of coarse 
sediment of the Yellow River. This area was known as a coarse sandy region on the Loess Plateau[1], which locates 
at the middle reaches of the Yellow River. It connects east and west districts of the Yellow River Basin. Therefore, 
it has a very important strategy position, which makes controlling soil erosion become serious. The coarse sandy 
region is not only the typical region with arid/semi-arid agriculture and animal husbandry but also an important 
 
* Corresponding author. Tel.: +86-010-6279-4119; fax: +86-010-6279-4119. 
E-mail address: xuehua-hjx@tsinghua.edu.cn. 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
 L. LIU and X. H. LIU / Procedia Environmental Sciences 2 (2010) 134–148 135
 
national base of energy and chemical industry. Serious soil erosion directly restricts ecological security and social-
economical sustainability of the Loess Plateau [2].  
Therefore, regulations and impact factors of soil erosion are very necessary[3]. In recent 50 years, the climate of 
Loess Plateau had an obvious tendency of warming and drying [4][5]. Over the same period, many infrustructure 
and ecological constructions were carried out on the Loess Plateau, such as large-scale reservoirs, silt dam building 
projects, afforestation, returning farmland to forest and grassland, etc.. Through the influences of nature and human 
activities, researches on soil erosion intensity and distribution have been implemented in recent years. Suo et al. 
[6]considered that soil and water loss did not change significantly in the loess hilly zone and decreased in the loess 
gully zone and loess rocky mountain zone, while it increased in the loess mountain zone. According to soil erosion 
type areasˈsoil erosion are mainly from arid loess hills regionˈnext from loess ridge regionˈloess flat hillock hill 
gully regionˈand loess Plateau hill gully region. Taking sediment yield intensity of >10000 t/km2.a as criterionˈ
there are 7 sediment yield centers on Loess Plateau [7]. Based on vegetation-erosion dynamics and proposes various 
management strategies for the different zones, the Loess Plateau was divided into 4 zones with various vegetation-
erosion levels, i.e. the northwestern sandy area along the Great Wall, the eastern hilly-gullied area, the western hilly-
gullied area and the gullied plateau area [7]. The rate of soil erosion area is larger in Inner Mongolia, northern area 
of Shaanxi, Gansu and Ningxia Hui Autonomous Region, and smaller in Qinghai, middle area of Shaanxi, Hetao 
Plain, Ningxia Plain and some areas of Shanxi[8]. However, there still lack of assessment and analysis of spatial 
difference of soil erosion sensitivity in the northern Loess Plateau[9]. 
Sensitivity assessment of soil erosion made identifying areas of soil erosion easier and can also evaluate 
sensitivity degree of soil erosion under human activities[10]. Based on the basic principles of the Universal Soil 
Loss Equation (USLE), this research took advantage of rainfall erodibility, undulating terrain, soil texture, 
vegetation cover, regional population density and regional GDP data, and analyzed the spatial difference of soil 
erosion sensitivity in the northern Loess Plateau. It is expected that the results could help us understand the erosion 
environmental change, the natural environmental change and their impacts of human activities, and further provide 
scientific supports for the ongoing ecological construction and environmental management. 
2.  Study Areas 
The study area locates in the northern Loess Plateau, involved Inner Mongolia, Shanxi and Shaanxi. It has 72 
administration units (counties, districts, cities) with an area of 118.5×104 km2 and 23 tributaries of the Yellow 
River. Inner Mongolia has 18 units with 55.4% area, Shanxi Province has 29 units with 15.3% area and Shaanxi 
Province has 25 units with 29.3% area (Figure 1). 
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Figure 1. The study area: the northern Loess Plateau 
3.  Materials and Methods 
3.1.  Data Sources 
Table 1 showed the data sources.  
Table 1. The data used and their sources 
 Data source for 2000 Data source for 2007 
Annual Rainfall 743 meteorological stations in study area, China Meteorological Sharing Network 
Undulating Terrain DEM data form srtm.csi.cgiar.org, treated with the surface analysis generated from ArcGIS 
Soil Texture Derived from the China’s soil type map by ArcGIS 
Vegetation Cover the Earth System Science Data Sharing Network 
Population Density 
2001 Statistical Yearbook of China’s cities and counties 
of socio-economic statistical data, 175 counties and 
cities values used for spatial interpolation 
2008 Statistical Yearbook of China’s regional economic 
statistics, 175 counties and cities values used for spatial 
interpolation 
GDP The same as above The same as above 
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3.2. Method  
USLE was proposed and the statistical relationship model was established between soil erosion amount and the 
impact factors in 60’s during last century [11][12]. Till now, USLE is the most common equation which calculates soil 
erosion shown as formula (1). 
 
A R K LS C P u u u u                                                                                                                                    ˄1˅ 
 
Where A is soil erosion amount, R is rainfall erodibility, K is soil erodibility index, LS is terrain factor 
considering slope and slope length, C is vegetation factor, and P is soil conservation factor. 
3.2.1. Assessing Sensitivity of Rainfall Erodibility (R)  
 
Rainfall is a driving force and the prerequisite condition of soil erosion. Spatial and temporal patterns of rainfall 
and its erodibility have the direct relationships with soil erosion. Rainfall erodibility is the driving force of soil 
erosion. In this paper, we used Li’s method [13] to calculate the rainfall erodibility. The formula was shown as (2) ˖ 
 
20.0083 1.0071 323.14R x x                                                                                                                              ˄2˅
 
Where R is the annual rainfall erodibility (hm2 • h • a), and x is the annual rainfall (mm). Based on data from the 
spatially distributed meteorological stations, Kriging function in ArcGIS was used to create spatial distribution maps 
of R values. Then the sensitivity of rainfall erodibility was classified and mapped according to Table 2. 
3.2.2. Assessing Sensitivity of Soil Erodibility (K) 
 
In USLE, soil is the eroded objects. Soil erodibility index K is a quantitative value which is usually determined 
through many experiments. Due to involving a very large region in this research, the value K is difficult to 
determine by experiments within any sub-region. However, since soil erosion had a close relationship with soil 
texture, sensitivity of soil erodibility distribution pattern can be mapped through soil texture.  
During mapping, national soil type photo was digitalize firstly and then corrected by referring to Zhang’s [14] 
results, we finally mapped the sensitivity of soil erodibility according to the sensitivity of soil texture classification 
standard (Table 2).  
3.2.3.  Assessing Sensitivity of Terrain Factor on Erodibility (LS) 
 
Terrain is a direct factor which led to soil erosion, so terrain erodibility has a significant effect on soil erosion. It 
can be extracted directly or indirectly from DEM data[15]. According to USLE, the impact of terrain on soil erosion 
can be quantified through the slope (S) and slope length (L). Because of great undulating terrain of the study area 
with elevation ranges from 370 meters to 2800 meters, L×S is difficult to calculate under such a large-scale region. 
As an important parameter of soil erosion prediction, slope can reflect mostly the terrain factor affection on soil 
erosion. Therefore, in this research, S was selected to characterize sensitivity of impact of topographical factors on 
soil erosion. 
In slope calculation from DEM data with 90m resolution in ArcGIS, Wang’s results of slope factor of the 
amendments on the Loess Plateau[16] were referenced. The S factor was extracted using formula (3). Then based on 
the actual terrain, study area was divided into 5 levels, i.e., non-sensitivity, light sensitivity, middle sensitivity, high 
sensitivity and extreme sensitivity (Table 2).  
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Where S is the topographic factor calculation and ș is the actual slope with a certain specific grid.  
3.2.4.  Assessing Sensitivity of Vegetation on Erodibility (C) 
 
Vegetation is the most sensitive factor of soil erosion. Different ground vegetation types play different roles of 
preventing erosion. From forest to grassland and then to desert, function of preventing erosion reduces in turn. As 
known, NDVI can better characterize vegetation cover and was used in the research. NDVI images from 2000 and 
2007 were used and classified (Table 2), then the sensitivity of vegetation coverage distribution maps were obtained 
for these two years. 
3.2.5. Assessing Sensitivity of Human Activity Factor on Erodibility (P) 
 
In this study, regional population density and GDP were used to reflect intensity of human activity, which could 
characterize the role of soil conservation measures. According to two kinds of yearbook, China socio-economic 
statistical yearbook for counties and cities and China statistical yearbook for regional economic statistics, statistic 
data of 175 cities and counties in the study area were input into software for calculation. Kriging algorithm was 
applied for spatial interpolation and correction. According to the sensitivity of human activity classification standard 
(Table 2), the sensitivity of human activity maps were obtained for 2000 and 2007. 
3.2.6.  Assessing Sensitivity of Integrated Soil Erosion (SS) 
 
Single factor’s sensitivity of soil erosion only reflects the single role of each factor. According to formula 4, 








 ¦                                                                                                                                                        ˄4˅
 
Where SSj is the soil erosion sensitivity of a certain grid j, Vi is the sensitivity level of factor i. Default natural 
breaks classification was combined with qualitative analysis, and the evaluation results for 2000 and 2007 were 
divided into five levels (Table 2). 
 
Table 2. Sensitivity Classification of soil erodibility based on the directly used factors 














Rainfall (mm) 500 500~800 800~1200 1200~1500 1500 
Soil texture  gravel, sand - coarse sand, grain sand soil, mealy sand - 
sandy silt, silt, sand 
loam, loam 
Slope (degree) 2 2~4 4~6 6~14 14 
NDVI  0.6 0.4~0.6 0.2~0.4 0~0.2 0 
Population density 
(person/km2) 100 100~200 200~300 300~400 400 
GDP (104 Yuan) 5 5~10 10~20 20~40 40 
4.  Results 
4.1. Sensitivity Pattern of Rainfall Erodibility  
The northern Loess Plateau is a coarse and sandy area, which locates in the semi-arid regions. Its annual rainfall 
is about 300mm. The rainfall erodibility in the northwest region was slighter sensitive than the other areas and has 
mainly two classes of non-sensitivity and light sensitivity (Figure 2). Rainfall erodibility changed greatly from 2000 
to 2007 in this region. In 2000, regional rainfall erodibility strengthened gradually from northwest to southeast. The 
extreme sensitivity region accounts for about 3% of the total area (Figure 3). The region mainly distributed in the 
southern, including Yichuan County (Shaanxi Province) and southeast Linfen district (Shanxi Province). In 2007, 
rainfall erodibility reduced significantly and caused erosion force weaker. Yan’an district, located in the southwest 
of the area showed its stronger erosion force than other areas, which accounted for about 4% of the study area. In 
general, the rainfall erodibility in the whole study area has decreased obviously from 2000 to 2007. 
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Figure 3. Area proportion for rainfall sensitivity classes on soil erosion in 2000 and 2007 
4.2. Sensitivity Pattern of Soil-texture-based Erodibility 
Figure 4 showed the sensitivity pattern of soil-texture-based erodibility with three levels: non-sensitivity, middle 
sensitivity and extreme sensitivity. The region with serious sensitivity of soil erodibility is due to sandy and loam 
soil. The central area has an erodibility of extreme sensitivity, including Yulin and Yan’an district (the northern area 
of Shaanxi Province). The northwest and southeast areas have an erosion class of middle sensitivity, including 
Ordos (Inner Mongolia) and Lishi district (Shanxi Province). The non-sensitivity area is only distributed in Youyu 
County (Shanxi Province) and Wushen County (Inner Mongolia). 
Figure 5 gave out that middle sensitivity accounted for about 57% of the total area, the extreme sensitivity area 













Figure 4. Sensitivity pattern of soil-texture-based soil erodibility Figure 5. Area proportions of sensitivity classes of soil-texture-
based soil erodibility 
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4.3.  Sensitivity Pattern of Slope-based Erodibility  
Figure 6 showed the sensitivity pattern of slope-based erodibility. About 34.6% of the study area showed the 
extreme sensitivity (Figure 7) of erosion, which is mainly distributed in the southern and northeastern regions. The 
non-sensitivity region accounted for about 28.7% and mainly distributed in the northwest area. The valley areas in 
the central and northern showed light and middle sensitivity to erosion. 
 
   
Figure 6. Sensitivity pattern of slope-based soil erodibility  
 
4.4.  Sensitivity Pattern of Vegetation-caused Erodibility  
The most area in Inner Mongolia is covered with desert, bare rock and rare vegetation. This condition led to 
middle erosion sensitivity with a large area proportion. Only the eastern and southern regions are less sensitive 
(Figure 8). From 2000 to 2007, sensitivity pattern of vegetation erodibility significantly reduced. Extreme sensitivity 
region reduced the proportion of 5.5%, while the high sensitivity region reduced a ratio of 22.6%. Middle sensitivity, 




Figure 7. Area proportions of sensitivity classes of soil-based 
erodibility 
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Figure 8. Sensitivity patterns of the vegetation-caused erodibility in 2000 (a) and 2007 (b) 
 
Figure 9. Area proportions of sensitivity classes of vegetation–caused erodibility in 2000 and 2007 
4.5.  Sensitivity Pattern of Human–activity-caused Erodibility  
Sensitivity pattern of human–activity-caused erodibility changed greatly from 2000 to 2007. In 2000, the non-
sensitivity and light sensitivity areas covered a large area and mainly distributed in the west (Figure 10a). The 
southeast regions have a mixing pattern with all kinds of sensitivity level. The east and center areas have middle and 
high sensitivity. The extreme sensitivity area only accounted for about 0.5% of the total area and located in the south 
(Figure 11). In 2007, human–activity-caused erodibility increased significantly and caused erosion force stronger 
and strengthened gradually from northwest to southeast (Figure 10b). The extreme sensitivity area most distributed 
over the eastern and southern area and accounted for more than 30% of the study area. The area with the high and 
middle sensitivity accounted for 28.7% and 35.5% respectively, while the area with the light and non-sensitivity just 
accounted for less than 5% and 2%. 
 
 
Figure 10. Sensitivity of human-activity-caused erodibility in 2000 (a) and 2007 (b) 
b a 
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Figure 11. Area proportion of sensitivity classes of human-activity-caused erodibility in 2000 and 2007 
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4.6.  Sensitivity Pattern of Integrated Soil Erosion  
Figure 13 showed sensitivity pattern of integrated soil erosion with a significant reducing situation from 2000 to 
2007. The study area had the obvious regional characteristics of soil erosion sensitivity. In 2000, the highly and 
extremely sensitive areas covered a large area and located majorly in the southeast, the region along the Yellow 
River and its tributaries. The northern regions have a mixing pattern with the main types of light, middle and high 
sensitivity and the northwest area are light and non-sensitivity. The extreme sensitivity area most distributed over 
the most representative tributaries: from the Hangfuchuan Watershed to the Wuding River Watershed, where 
covered about 20 counties in Shanxi and Shaanxi Providences (Figure 12). In 2007, soil erosion sensitivity 
decreased significantly. Most northwest area became non-sensitivity form light sensitivity. The extreme sensitivity 
area only distributed over the central regions of the study area. 
The areas of different sensitivity levels are changing in two years. In 2000, the middle sensitivity (40 000 km2), 
the high sensitivity (37 000 km2) and the extreme sensitivity (26 000 km2) accounted for 33.8%, 31.4% and 21.9% 
of the study area respectively (Figure 13). The light sensitivity area covered 14 000 km2 with 12.3% of the region. 
The non-sensitivity area covered 700 km2 with 0.6% of the study area. In 2007, the high sensitivity (59 000 km2), 
the middle sensitivity (29 000 km2) and the light sensitivity (15 000 km2) accounted for 49.5%, 24.5% and 12.2% of 
the study area respectively. The extreme sensitivity area was 9 000 km2 with 8.2% and the non-sensitive area was 6 
000 km2 with 5.5%. 
 
 
Figure 12. Sensitivity of integrated soil erosion of the Loess Plateau in 2000 (a) and 2007 (b) 
a b 
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Figure 13. Area proportion of sensitivity classes of integrated soil erosion in 2000 and 2007 
5.  Discussions  
5.1.  Indicator selection for Sensitivity Assessment of Soil Erosion  
This study was based on USLE, combined with the natural characteristics of the study area, and then selected six 
evaluation indicators: rainfall erodibility, slope, soil texture, vegetation, population density and GDP. 
There are several reasons for making such selection of indicators. USLE is the most commonly method of 
studying soil erosion, which is the integration result of R (rainfall erodibility), K (soil erodibility), LS (terrain factor 
considering slope and slope length), C (vegetation factor) and P (soil conservation factor). This study took into 
account the basic principle of the USLE equation, previous research results of single indicator and integrated the 
regional natural and socio-economic position. Then we assessed the sensitivity patterns or rainfall erodibility (R), 
soil-texture-based erodibility (K), slope-based erodibility (LS) and the vegetation-caused erodibility (C).  
Human activity factor (P) is important, which affects soil erosion sensitivity through social-economic 
development and land usage. Due to the difficulties of accessing the large-scale spatial data, the previous researches 
often ignore this indicator [17][18]. Some studies showed that population density is the main driving force of soil 
erosion[19]. The changing of gross domestic product (GDP) and human population can better reflect the payload of 
regional ecological security which produced by the human social system[20]. Therefore, this study suggested that 
these two indicators sufficiently represented the strength of regional human activities. Finally, the sensitivity 
assessment of soil erosion in this study can be comprehensively evaluated with taking population density and GDP 
into account. 
5.2.  Comparison between Soil Erosion Sensitivity and Soil Erosion med 
The pattern of soil erosion sensitivity had consistent with soil erosion [2] generally (Figure 14). Intense and 
serious soil erosion areas distributed in the regions with extreme and high sensitivity. But there were differences 
between them in some areas.  
Some areas had high soil erosion sensitivity but moderate oil erosion. Such as Kelan and Wuzhai Counties 
(Shanxi Province), most of these regions were high and extreme sensitivity to soil erosion. However, due to a large 
topographic difference which caused the difficulty on exploitation, the relative little human disturbance and high 
vegetation coverage made the regions have less soil erosion. 
Some areas had the light sensitivity of soil erosion but serious erosion, for example, Zhungeer and Wushen 
Counties (Inner Mongolia). The serious soil erosion was mainly caused by dense population, strong soil erodibility, 
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poor vegetation coverage, high intensive exploitation, urban construction and transportation. Developing mining 
industry in these districts was the mostly serious factor to soil erosion. 
Therefore, the relationships among environmental factors and soil erosion in different region and watersheds 
need more data to support the further researches. 
 
Figure 14. Levels of soil erosion intensity of the Loess Plateau 
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6. Conclusions 
From 2000 to 2007, soil erosion sensitivity decreased significantly. The decreasing of regional soil erosion 
sensitivity means the improvement of environment and incensement of regional anti-soil erosion ability. In 2000, the 
regions with extreme, high and middle sensitivity occupied most of the study area, while in 2007, the regions with 
light, middle and high sensitivity covered most of the study area. The soil erodibility showed different spatial 
patterns. The southeast area had more serious soil erosion sensitivity than the northwest. The areas with the high and 
extreme sensitivity mostly distributed over about 20 counties where covered from the Hangfuchuan Watershed to 
the Wuding River Watershed. The extreme sensitivity of soil erosion was mainly caused by not only the strong 
rainfall erodibility, large topography differences and high soil erodibility, but also the intensive human activities and 
frequent arid hillside farmland agriculture. The areas with the light and non-sensitivity concentrated in the 
northwestern plain areas. The area with obvious changes on soil erosion mostly concentrated in regions along the 
Yellow River and its tributaries. 
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